Abstract-
I. INTRODUCTION
Semiconducting nanomaterials (SNMs) exhibit enhanced optical, electronic, photo-conducting and luminescent properties which are key features in their electronic applications. [1, 2] SNMs show accelerated charge transfer rates when they are chemically bound with the organic polymer matrix, which lead to their application as electron acceptors in hybrid-organic-inorganic solar cells (HOISC). [3] SNMs such as CdS, CdSe have been synthesized in various morphologies using process such as sol-gel, solvothermal, solution phase and co-precipitation. [4] [5] [6] [7] [8] [9] [10] [11] The morphology of the SNMs plays critical role in improving the efficiency of HOISC. [12] The conventional synthetic processes use hazardous chemicals such as pyridine and several surfactants leading to poor atom economy. [13, 14] This aspect have been highlighted in our previous work where we have demonstrated green synthesis of CdS Quantum Dots (QDs) in-situ grown in the P3HT polymer network. [3] The solubility of the P3HT:CdS QDs nano-composite in the non-polar organic solvents such as chlorobenzene remains as an obstacle in fabricating efficient HOISC. [9] In our present work we demonstrate for the first time, (i) solvothermal, in-situ growth of CdS nanorods (NRs) in the matrix of low band gap polymer poly[ [4,8- [3,4-b] thiophenediyl]] (PTB7) and (ii) the development of HOISC using the PTB7:CdS as donor-acceptor combination in the bulk-heterojunction (BHJ) geometry. The in-situ growth of CdS NRs results into (i) significant decrease in the band gap of PTB7 from 1.7 eV to 1.59 eV, (ii) adequate photoluminescence (PL) quenching of the PTB7 on incorporation of CdS NRs in PTB7 (PTB7:CdS) in 1:1 (w/w) ratio and (iii) the TEM and SEM images show homogenous distribution of CdS NRs in PTB7 matrix. Based on these findings we have prepared the HOISC using PTB7:CdS NRs as donor-acceptor combination in BHJ geometry and achieved power conversion efficiency (PCE) of the order of 1.16 %.
II. EXPERIMENTAL DETAILS
Cd (CH 3 COO) 2 .2H 2 O + 2 NaPCD + 2 PCA The synthesis of PTB7:CdS NRs is a three step reaction. The p-chloroaniline (PCA) is reacted with excess CS 2 followed by cadmium complex synthesis as illustrated in Scheme 1. [15] The cadmium complex is mixed with PTB7 in chlorobenzene poured in a Teflon lined solvothermal bomb. It was kept at 150 C for 4 hrs. After the treatment solution was concentrated under reduced pressure.
III. RESULTS & DISCUSSIONS
The metal complexes of dithiocarbamate are known to decompose into metal sulfide nano materials of controlled morphologies which depend on the synthetic conditions such as temperature, pressure, solvent, surfactants etc. [15] The solvothermal treatment of the cadmium complex, Cd(PCA) 2 (PCD) 2 produces CdS NRs which were characterized by SEM images Fig. 1a . Same conditions were used for the in-situ growth of the CdS NRs in the PTB7 matrix. The SEM and TEM images of the PTB7:CdS NRs (Fig. 1 b&c) depicts that the CdS NRs are uniformly distributed in the PTB7 matrix. The EDS (inset Fig. 1c) indicates cadmium rich PTB7:CdS composite. The TEM image (Fig. 1 c) of the PTB7:CdS shows ~10 nm CdS NRs. The HRTEM image (Fig. 1 d) highlights the crystalline character of the CdS NRs in the PTB7 matrix. The HRTEM (Fig. 1d) shows fringe width of ~3.8 Å which corresponds to the 2 [001] = 23.2 . The PL spectra of the PTB7 for ex 680 nm excitation is shown in Fig. 2a . It shows that there is a significant quenching of photoluminescence of the PTB7 on addition of the CdS NRs. The quenching implies the addition of CdS NRs leads to a significant charge transfer from PTB7 to CdS NRs. The quenching increases with the increase in the concentration of the CdS NRs from 1:0.5 to 1:1 (w/w) ratio in the PTB7:CdS. However, it can be seen from Table 1 . It is seen that the solar cell parameters are almost similar in both the cases except for slight increase in J sc , in the case of device 2. This slight enhancement in J sc is revealed in the corresponding increase in PCE from 1.10 % to 1.16 %. This has been attributed to better charge transport process between donor and acceptor molecules vi z. PTB7 and CdS NRs which is also supported by the enhancement in the PL quenching for the case of PTB7:CdS 1:1 (w/w) ratio as compared to the PTB7:CdS 1:0.5 (w/w) ratio. 
IV. CONCLUSIONS
In conclusion we demonstrate a green and economically viable approach of in-situ growth of CdS NRs in PTB7 matrix by solvothermal process and first time report of achieving PCE of the order of 1.16 % in HOISC fabricated using PTB7:CdS donor-acceptor nanocomposite in BHJ configuration. UV-Vis study shows that our approach gives a band gap modulation of electron donor polymer PTB7. Chancellor and Director, IGNOU, Delhi. Authors are also thankful to DST, Govt. of India, for providing financial support under the India-UK joint initiative project entitled "Advancing the efficiency and production potential of excitonic solar cells (APEX)".
